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:54) STARTING DEVICE OF CYLINDER INJECTION TYPE INTERNAL COMBUSTION ENGINE 

(57)Abstract: 



PROBLEM TO BE SOLVED: To certainly start a cylinder injection type 
internal combustion engine without usual cranking. 
SOLUTION: This starting device detects a cylinder in an expanding 
process based on signals from a crank angle sensor 10 and a cam angle 
sensor 1 2 in stopping an engine 1 , and injects a predetermined fuel from a 
fuel injection valve 4 into the cylinder. For starting the engine 1 , ignition is 
commanded to a spark plug 6 to cause combustion in the expanded 
cylinder, and the starting is performed only by the combustion pressure. 
The starting device has a failsafe function of completing the starting by 
preventing operation of a starter 1 4 when the starting of the engine 1 is 
successful or auxiliarily operating the starter 1 4 when the starting is 
incomplete. 
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LAIMS 



Claim(s)] 

Claim 1] The cylinder-injection-of-fuel type internal combustion engine which can inject direct fuel to the combustion 
hamber characterized by providing the following. The motor for carrying out cranking of the aforementioned internal 
ombustion engine. A cylinder detection means to detect the cylinder which is in an expansion stroke after operation of 
he aforementioned internal combustion engine has stopped. Injection control means which inject fuel in the cylinder in 
he expansion stroke which carried out [ aforementioned ] detection. A starting means to make combustion occur and 
o start the aforementioned internal combustion engine in the cylinder in the aforementioned expansion stroke, and a 
notor-control means to control the operation of the aforementioned motor according to the starting state of the 
aforementioned internal combustion engine by the aforementioned starting means. 

[Claim 2] A cylinder-injection-of-fuel type internal combustion engine with the function which injects direct fuel to a 
combustion chamber while being carried in the vehicles characterized by providing the following and driving vehicles. 
An operational status detection means to detect the operational status of vehicles. An automatic-stay means to stop the 
aforementioned internal combustion engine automatically when a predetermined condition precedent is satisfied based 
on the operational status which carried out [ aforementioned ] detection. Injection control means which detect the 
cylinder in an expansion stroke and inject fuel in the cylinder when operation of the aforementioned internal 
combustion engine is stopped by the aforementioned automatic-stay means. The motor for carrying out cranking of the 
aforementioned internal combustion engine to a starting means make combustion occur within the cylinder in the 
aforementioned expansion stroke, and start the aforementioned internal combustion engine automatically when 
predetermined starting conditions are satisfied based on the aforementioned operational status after a halt by the 
aforementioned automatic-stay means, and a motor-control means control the operation of the aforementioned motor 
according to the starting state of the aforementioned internal combustion engine by the aforementioned starting means. 
[Claim 3] Starting system of the cylinder-injection-of-fuel type internal combustion engine according to claim 1 or 2 
characterized by having further the adjustable valve timing mechanism which makes adjustable the valve-opening 
stage of the exhaust valve of the aforementioned internal combustion engine, and the valve-opening control means 
which control the operation of the aforementioned adjustable valve timing mechanism to delay the valve-opening stage 
of an exhaust valve about the cylinder which is in the aforementioned expansion stroke at least. 
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)ETAILED DESCRIPTION 



Detailed Description of the Invention] 
0001] 

The technical field to which invention belongs] this invention relates to the starting system suitable for starting a 

;ylinder-injection-of-fuel type internal combustion engine. 

[0002] 

[Description of the Prior Art] As technology about starting of this kind of cylinder-injection-of-fuel type internal 
combustion engine, the start method of the internal combustion engine indicated by JP,1 1-159374,A, for example is 
mentioned. This well-known start method tends to inject fuel to the combustion chamber which has taken expansion 
(work) distance on the occasion of starting of an internal combustion engine, and tends to obtain power required for 
starting of an internal combustion engine by the combustion energy. By starting only by the explosive power, the fuel 
injected by the idle state of an internal combustion engine specifically tends to be lit, and cranking by the starter motor 
is omitted completely, or a 1 -3 rotation grade, after carrying out, fuel tends to be injected and tends to be lit, cranking 
time tends to be shortened, and it is going to reduce power consumption for cranking by the starter motor. 
[0003] 

[Problem(s) to be Solved by the Invention] However, after this kind of internal combustion engine has stopped the 
operation the place which can be operated steadily according to a predetermined heat cycle, the flow and pressure 
requirement in the cylinder in an expansion stroke is in the state where relevance with a series of inhalation-of-air work 
and the work of compression which were performed in the intake stroke and compression stroke before it was lacked. 
That is, if operation of an internal combustion engine is stopped, into a cylinder, the air filled up with and compressed 
will flow out out of a cylinder, and the cylinder internal pressure will fall. It is difficult to get the expansion work 
corresponding to the heat cycle of an internal combustion engine from the combustion, though combustion is made to 
form in the cylinder which is in an expansion stroke in such the state. 

[0004] For this reason, if the combustion pressure obtained by the well-known start method becomes small as 
compared with the combustion pressure obtained by the usual no-load running, for example, is in a many cylinder type 
internal combustion engine, it may be unable to overcome the compression pressure of the cylinder in other 
compression strokes, and may be unable to depress a piston. If it is in such a situation, since a piston cannot exceed a 
top dead center in the cylinder in a compression stroke, it cannot be said as what can guarantee positive starting of an 
internal combustion engine any longer. The room of the part which is performing cranking by the starter motor from 
the idle state of an internal combustion engine by the start method which injects fuel on the other hand after performing 
cranking about 1-3 rotation, and still power-saving is large. 

[0005] Then, this invention offers the starting system of the cylinder-injection-of-fuel type internal combustion engine 
which can also hold down consumption of power to the minimum while collateralizing the certainty of starting in an 
internal combustion engine. 
[0006] 

[Means for Solving the Problem] Although the starting system (claim 1) of the cylinder-injection-of-fuel type internal 
combustion engine of this invention puts an internal combustion engine into operation by detecting the cylinder which 
is in an expansion stroke after operation of an internal combustion engine has stopped, injecting fuel in the cylinder, 
and making combustion occur, it shall control the operation of the motor for cranking according to the starting state at 
this time. 

[0007] It may happen, when starting will become imperfect with shortage of a combustion pressure, if it can be made 
to detonate completely only by the combustion pressure when combustion is made to occur in the cylinder which is in 
an expansion stroke by the idle state of an internal combustion engine as mentioned above. For this reason, especially 
if a starting state is a success (high-order detonation) in control of a motor, it is not necessary to operate a motor, on the 
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riation rate of the phase of a cam shaft (neither is illustrated) for example, using a hydraulic actuator « making - 
edetermined within the limits — valve-opening time - the angle of delay -- or a tooth lead angle can be carried out 
ne feeding-and-discarding way of operation oil pressure is connected to the hydraulic actuator of the adjustable valve 
ning mechanism 26 through the oil control valve 28, and the oil control valve 28 can switch the direction of feeding 
id discarding of the operation oil pressure to a hydraulic actuator, and can make the operation to the direction of the 
igle of delay, or the direction of a tooth lead angle perform. Moreover, the concrete operation of the oil control valve 
8 is realizable with switch control of the spool position which used the solenoid, and ECU8 is outputting the rate of 
ontrol duty to the solenoid, and has the function to perform the angle of delay of valve-opening time, or tooth-lead- 
ngle control concretely. 

0017] Moreover, information, such as a clutch position signal showing treading in or release of the vehicle speed 
ignal which can collect information from various kinds of sensors since the operational status of vehicles is detected, 
or example, is inputted from a vehicle speed sensor, the shift-position signal inputted from a shift-position sensor, and 
he clutch pedal inputted from a clutch position sensor, can input ECU8 into ECU8. 

0018] Although the above is 1 operation gestalt at the time of applying the starting system of this invention to the 
sngine 1 for vehicles, the starting system of this invention has other composition about the control function of ECU8 
further. 
[0019] 

[Example] A concrete example is given to below and starting of the engine 1 using the starting system of this invention 
is explained in detail. The concrete composition of others concerning the starting system of this invention also becomes 
clear through the following explanation again. D raw ing 2 shows the flow chart of the starting control routine which 
ECU8 should perform, and ECU8 performs starting control of an engine 1 in the procedure in alignment with this flow. 
The flow of drawing 2 is positioned as a main control routine after operation of an engine 1 was stopped, and contains 
two sub routines Rl and R2 in the middle of the step. 

[0020] In this example, automatic idle halt / starting system is built into ECU8, and ECU8 can judge formation of a 
predetermined condition precedent and starting conditions based on the operational status of the vehicles mentioned 
above. For example, when a shift position has the vehicle speed neutrally by 0 and treading in to clutch pedal is 
canceled, ECU8 judges with formation of a condition precedent. When a condition precedent is satisfied, ECU8 stops 
fuel injection and ignition, and stops an engine 1 automatically. In addition, it is also possible to carry out the current 
update of the parameter which should be detected, and to use these for the judgment of a condition precedent. 
[0021] ECU8 operates the adjustable valve timing mechanism 26 further mentioned above when stopping operation of 
an engine 1, and sets the valve-opening stage of an exhaust valve 24 to the angle-of-delay side (valve-opening control 
means). In addition, when a hydraulic actuator can operate certainly, you may carry out after a halt of an engine 1. 
When automatic stay of such an engine 1 is performed, or when an operator turns OFF an ignition switch, ECU8 starts 
execution of the starting control routine of drawing 2 . 

[0022] First, when it judges whether the rotational speed of an engine 1 became below the predetermined value NeO 
(for example, 30rpm, min-1) in Step SI and this judgment is materialized (Y es), ECU8 regards it as what the engine 1 
stopped, and progresses to Step S2. At Step S2, ECU8 judges whether the predetermined timer after a halt has stopped 
the count (=0), when having stopped, progresses to Step S3 and starts the operation of the timer after a halt. In addition, 
an after [ this halt ] timer and various kinds of timers mentioned later can be incorporated for example, in ECU8, and 
can count elapsed time with the starting. 

[0023] In the following step S4, ECU8 judges whether the predetermined timer after injection has stopped the count 
(=0). Since the timer after this injection is not yet operating after stopping operation of an engine 1, ECU8 progresses 
to the following step S5, and judges formation of starting conditions. The input of the automatic starting conditions 
after performing automatic stay mentioned above as this starting condition, and the ON signal of an ignition switch is 
assumed. In addition, the starting conditions in automatic idle halt / starting control are satisfied when it gets into 
clutch pedal in this state on the assumption that there is a shift position neutrally. 

[0024] Since it is thought that it is necessary to start an engine 1 immediately when formation of starting conditions is 
judged at this time (Yes), ECU8 bypasses a sub routine Rl , progresses to Step SI 1, operates a starter 14 immediately, 
and starts cranking. This is for satisfying a quick starting demand after a halt of an engine 1 . On the other hand, if 
immediate starting conditions are not satisfied at Step S5, it progresses to the sub routine Rl for (No) and halt after 
treatment. 

[0025] Djmmgl shows the detail of sub routines Rl and R2 mentioned above. If ECU8 progresses to a sub routine 
Rl from Step S5 of a main routine, it will judge whether the predetermined time has passed after a halt of an engine 1 
at Step S6. If this judgment can be made from the count of the timer after a halt mentioned above and the 
predetermined time has not passed, (No) ECU8 carries out the return of the main routine, and before the progress 
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3 cylinder in a compression stroke exceeds a top dead center, and is performed by the usual idle state is not required, 
addition, although the starting state is judged from the engine speed in the one example, you may judge using other 
;tection parameters. 

036] Moreover, if the valve-opening stage of an exhaust valve 24 is beforehand set to the angle-of-delay side, while 
e piston 22 is depressed by the expansion stroke as mentioned above, an exhaust valve 24 can be closed, and the 
idden fall of the combustion pressure in the inside of the expansion stroke is prevented. Efficient expansion work of 
jmbustion gas can be promoted by this, and it can contribute to a success of starting only by the combustion pressure. 
3037] Although idle stop vehicles are used in the above-mentioned example, you may be the vehicles (for example, 
ybrid vehicles) which suspend and start an engine automatically. Moreover, although the operation of automatic idle 
alt / starting control system of vehicles is doubled and explained, the starting system of this invention does not 
ecessarily require cooperation with such a control system about the engine 1 for vehicles. After it follows, for 
xample, the operator of vehicles stops an engine 1, when making it restart, the starting control routine mentioned 
ibove can be performed independently, and an engine 1 can be put into operation. 

0038] The operation gestalt of this invention is not restricted to the engine 1 mentioned as an example, but may have 
)ther cylinder layouts, and may be a single-cylinder type. Moreover, it cannot be overemphasized that replacement is 
suitably possible in the composition of a concrete member or parts in other desirable modes about the operation gestalt 
of this invention. 
[0039] 

[Effect of the Invention] The starting system (claim 1) of the cylinder-injection-of-fuel type internal combustion engine 
of this invention makes starting of an internal combustion engine a positive thing for a short time. Moreover, large 
power saving becomes possible by using the motor only for starting fail-safe. Moreover, since the starting system 
(claim 2) of the cylinder-injection-of-fuel type internal combustion engine of this invention guarantees the quick nature 
and certainty of starting, it can cooperate with automatic-stay / starting control of the internal combustion engine 
carried in vehicles suitably, and it contributes also to the purpose achievement of the mpg reduction greatly. 
[0040] Furthermore, if the starting system of this invention includes the composition about valve-opening control 
(claim 3), starting of an internal combustion engine can be rationally assisted by the work. 
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[0 0 2 5] H3tt, ±iLfcU-7";Hf>Rl, R2 
©»«B**UTl»«. ECU8il ^<»I/-5 1 >©7> 
7-yyS5*>6^;W-5 L >RHCJtttt, 7fy7S 

6 n>7> 1 <DW±^$m7mmtimmi,tcft&fr 

£WrT£, H©*|»ftt±aLfcffjl:»^-fV©*»» 

(No) ECU8[^-f>;i/-f>^^->l / T 1 
©Mi®S;T©fli1ti±fE©$[ig (Xf'v7"Sl~S6) £ 

[0026] 7>7-v7°s §\zTffi < gmf&v>mm>m$>t> 

tlit (Yes) , ECU8IWfyyS7l:i^tf* 

*LT. XT-y^S8Ti«Wa^>fV©f^ttS:iB*6"r 
S. ^©RfjfiTKfcECU8f4«{3BfiSC*sa 
«*«aLTV>*©T, *©»«K*»firr*«|»i«jt# 

gmnzmimzmmTzzt&Tzz. 

[0 0 2 7] *©^^^7"S9T(4> ECU8«^ik^ 

tt*fc*^SffoTU&^fc© (No) . ^©**^-r 
>;i/-5 L >SU^-> , rs. 3©|f. ECU8^-f> 



(5) 
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S12 (SI, S2, S4. SI 2) *T-©Jl/-^^m 

tO 0 2 8] £©&, fcft*#>W£&LTtti;©T, E 
CU8«^tt®gcDfc86©U-yjl,-5 1 >R2^ii^o 
^-?>R2Ttt, ECU8IJ^f7^S 1 3T« 

£l*WjWiaLTlr»fclr»«£ (No) . Ecusn-y-y 
;i/-5 1 >R2^7LT^'l'>>/U-5 i >©Xx^ys 1 

CO 0 2 9] Xxy7S 1 3T?BrS«f|B««aUTl>* 
t»A6nS»^ (Yes) teX5ry:/S 1 

^jWrto*L&tf»5*»*&*«*-r v©# ^ > hffi^ e 

tWWTSSjfcfc, ECU8teXxy:/S 1 5KitA/T? 

C*»3W»i*;^ft««T*&a&*«jfolic*ff "5 21 £ 

[0 0 3 0] ECU8ttXfs>ySl6TjiSiJfcft 
^^©ffcftfcHJi&U ^y^S9Ka^T?jSWc«K 

(No) , ECU8f^^>^-f>4 
U*->LTWSX"jry:/S 1 2*6U-yjP-5 1 >R2 
HAD, 7fyysi5, S 1 6 ^2@lTXf7 
9©WWr**0ig-r Ur^S14=No) . 

(0 0 3 1] jawc«cBfje«fiB*«iiL&t«Kr* 

t, ECU8ttXfyys 1 OTX>S?>iaiE3SflE36«0f 
JEfitN e s SjBATUS^g^SWWr-r*. £©fi>r£ffi 
Nesll «*.ttx>5?> 1 ©i&I&tfriB&LfcfrSfr* 

wjrr*&»c!)H«tLTBi3ea*iT*o. ecusb 

X>v> 1 ©0tea«#£©i3rJ£ttN e s fcg&TVm 

[0 0 3 2] 02©7D-ft-H:a^$n 

So dftfcj;!), x>j;>l©fStjt«fK:BEttffSli*-3 
fc»«T3S«W»S;:D. a#©*7>*>^*fr3c:<!: 

&<x>$»itfa6»-r*. 



[0 0 3 3] *6»tt»*2pJfeUfce*. ^iTSofc 

*£■ (No) }^7;u-^>R2£iirrLT*-r >;i/- 

^fcRO. ECU8tt7f5»yS 1 1 fcilA/CX:*- 

(Yes) , ECU8IW< >/U-^>£ 'J * 
->t4©TX^14ttff«SnftU. ±IE©fsin 

©*^c*oTt>, x>v> i ifimhLT®i&&mm 

^iNes^fctfll ECU8li^^>;Kf> 

[0 0 3 4] ±aufcJ6»«»;i^f 1 >€*ff-r*c:t 

K,k9. ECU8HX>y>l©^ff^ifttI5i 

frSfc**««rtfc***4fiS*Tx>s>> 1 

Sit 3 o £©£€, ECU8{iX^^ys 

1 n?©fijg«s*, oiD, x>i;>i©J6«ittfBnjg 

IS) . 

[0 0 3 5] t^x. **J6«©*6ii««K«J:n«, K 
5iffSC»*5l[«rt©j(8«IJE«tj-TS6»KJ«SbLfc» 

4*fftftSltS;L£fc<x>i?>l©J» 
feWrtoft*. a«l*3©««&E«ftT?«»»*cf: 
x^i4i:w^7>+>^ 

«A.tf*S8l«fc#Jirr*Ci:*«T*. &>M8©&ffi«;*J 
^TX>5?>l©te«I*^t*5. ^©Sigjte, 0J 

'tT£0> a*©#jfc«tmT5 27>*>^©±5& 

j&fcfchji^ssu&n. a*, -*is«Tttx>>?> 

^7^-^*ffl^»T 3 NJ»frSt)©T?*oTfe«k^. 
[0 0 3 6] $fc±JEOJ:5i:, ^»»ft#2 4©!8^ 

2 2j&JffLTJf 6nT^*nB»4»jI#2 4*B#LT* 
<££*f?€N *©IMRfTStfT?©«K«JE©3»3i«T«« 

Kjtan^o cintcio, «s**^©3tt*wa»gitt* 

£{£itLT, M^EW::£5i&l&©l£5&K*F-£t"<5C 
[0 0 3 7] ±SB©*««tfW:7-f KH* h?:/*W* 

*M©g®j7-r F;w?ih • jeftwws/^xAc^K*^ 

btTRWl/T^S^ #*H©l6lbg«fc*iiiaffl©X 

witi8i.au. fct. «>LtJ*p©ate#*tx> 

^fc^SST^frU x>i?> l ©teft&fr 

[0 0 3 8] **W©3)W»»i-«i:LT*W*fcX> 
y>ll:ibnf, J E-©ftfe©->U>^'k-f70 



(6) 



mm 2002-4985 



10 0 3 9] 

[fS9i©8&*J #BW©«rt*»S!rt*R*W©*&»£« 
(S*#«l) ft. SB#IHTrt««H©&»*rt*&t>© 

2) a, j6»©fflatt^«*tt*«E-r*ifc*6*Pii 

rt*S«H© S ttflub • ihMMWtlitmizW, 

[0 040] Xfc, *3BW©JfiftS«*«M*«»CH1- 
*«*t^trt)©T**l« (M*S3) , *©»#fcJ; 
D l*HWl«©*tt*da«c:*IWT* - 

[0®©fgWcEt^] 

[01] 



[0 1 } *SH©*&»&*fcWT*-*tt»ttfc3&-rft 
[02] *»W©»»S«lcJ:D-*lll«tUT*ffS 
[03] 02©7P-^^-h*, ■9-7)V-9-><Dft® 

1 X>v> 

2 lKtt± 

4 

6 j^Mk 

8 (ECU) 
10 £7>:7£-fe>-y- 

1 2 jjAM-t>V 

14 (Wfett) 

2 4 

2 6 *iwvvzf9-i*>ifwm 

[02] 



17) 



ft§§ 2002-4985 



[03] 




(51) Int. CI. 7 

F 0 2 D 17/00 
29/02 
41/06 
41/38 
41/40 
43/00 



45/00 



F0 2N 15/00 



3 2 1 
3 8 5 



3 1 0 
3 6 0 
3 6 2 



F I 

F 0 2 D 17/00 
29/02 
41/06 
41/38 
41/40 
43/00 



45/00 



F0 2N 15/00 



f-73-K (##) 

Q 

3 2 1 A 
3 8 5 Z 

D 

F 

3 0 1 J 
3 0 1V 
3 0 1 Z 
3 0 1 A 
3 1 OB 
3 6 0 Z 
3 6 2E 
E 



(8) ^200 2 -4 9 8 5 



F*-A(##) 3G084 BA15 BA17 BA23 BA28 CA01 
CA07 DA09 EA07 EA11 EB11 
EC01 FAOO FA05 FA06 FA33 
FA38 FA39 
3G092 AA01 AA06 AC03 BA08 BB01 
DA02 DA09 DE03S DF04 
DF09 DG05 EA04 EA09 EA11 
EA17 FA24 FA31 GA01 HA13Z 
HBO IX HC08X HE03Z HE05Z 
HF05X HF12Z HF15Z HF19Z 
HF21Z 

3G093 AA01 AA07 ABOO BA19 BA21 
BA22 CAOO CA01 CB01 DAOO 
DA01 DB01 DB05 DB06 DB10 
DB11 DB23 EA03 EA05 EA15 
EBOO. 

3G301 HA04 JAOO JA02 KA01 KA28 
KBOO LA07 LB04 MA18 NA08 
PEOOA PE03A PE05A PE09A 
PE10A PF01A PF06A PF07A 



